;e3e_D 46TDsk METHOD AND SYSTEM FOR LOCATI NG A MOBI LE SUBSCRI BER | N A CDVA
COVMUNI CATI ON SYSTEM Field of the Invention This invention generally
relates to spread spectrum code division multiple access

comuni cation systens. Mre particularly, the present .H‘\\\\E\M@M\M\ tes to
a system and nethod that determ nes the geographic | ocat a subscri ber
unit within a CDMA communi cation system Description of the BPEOr Art

Wrel ess systens capable of |ocating a subscriber are presently known in
the art. One wirel ess technique uses the gl obal positioning system (GPS).
In GPS, L i el i ransm d.continuously
fromthe °W§@Q’Wes. "E’é‘éﬁﬁggﬁpﬁgéﬂf ?‘fﬁ%ﬁ@@éﬁ%f@%*‘ng
the satellite's identity, the |location of the satellite and the tinme the
nmessage was sent. The handset conpares the tinme each signal was received
with the tinme it was sent to determ ne the distance to each satellite.

Usi ng the determ ned di stances between the satellites and the handset al ong
with the !‘\Q ti eg%]ea h satellite, the handset can triangulate its

| ocation Hé%p?fgfh Y89 ¢ or mati on to a conmuni cati on base station.
However, the incorporation of a GPS within a subscriber unit increases its

cost. Anot Miiis sbentionbgendralty rélatestto sipréaglispactrugih solde devision ultiple
Patent No. 5,732,3S4. A nobile tel ephone using tinme division nmultiple

access (T Ll . I (o] L1 hi rality. of..base
stations. Q‘%ﬁggs m%)ﬁé%%ﬂhﬁféhﬁﬁié@@@ f‘ﬂé@@%@k@@i‘ﬁ%ﬁf“%&?ﬁ’éﬁg{“ﬁg rom
each of the base stations and transmts each strength to each respective
base st at relatesAo a sydtemeandvimethod gthae determinhe the cgdographic goasticrt rofngt hs
fromthe base stations are conpared and processed. The result yields the

di st ance i | I e station. Fromthese

di st ances?@%@ﬁﬁgggﬁ\gﬁm&fgm I '@@%&%ﬁlﬁé&?@ cal cul ated. Wreless
comuni cati on systens using spread spectrum nodul ati on techni ques are
increasing in popularity. In code division nultiple access (CDVA) systens,
datais transmtted using a wi de bandw dth (spread spectrun) by nodul ati ng

the data Pesriptioncofithe PrideMiehi p code sequence. The advantage gained is
that CDVA systens are nore resistant to signal distortion and interfering

frequenci es ingthe transm ssio at.h than co nj cation systens using the
nore common ti H&uﬁ]eﬁ ﬁ%ﬁmﬁﬁiﬂlﬁq’&gé’ g@@é‘gg %S“%?efcﬂmﬂ%ﬁ@xiyowwpéﬁ%n
mul tiple access (F DMA) techni ques.

art. One wireless technique uses the global positioning system (GPS). In GPS, the

communication handset receives data transmitted continuously from the 24
NAVSTAR satellites. Each satellite transmits data indicating the satellite’s identity,
the location of the satellite and the time the message was sent. The handset
compares the time each signal was received with the time it was sent to determine
the distance to each satellite. Using the determined distances between the satellites
and the handset along with the location of each satellite, the handset can triangulate
its location and provide the information to a communication base station. However,

the incorporation of a GPS within a subscriber unit increases its cost.
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*G00002*



There exists a need for an accurate nobile subscriber unit |ocation system
that uses data already available in an existing CDMA communi cati on system
-2 SUMVARY OF THE | NVENTI ON The i nvention determ nes the geographic

| ocation of a subscriber unit within a CDMA conmuni cati on system At |east
one base station transmts a spread spectrumsignal with a chip code
sequence unique to that base station. A subscriber unit receives the base
station signal .anqd transm.s spread ectrum signal, with a unique_chip
code sequence Aﬂ‘ﬁg‘%ﬁ‘r&?%f’lﬂzi@%‘)ﬂht Qg B M@q%rﬂ&ok’a@ﬁé Necei ved
base station signal. The base station receives the subscriber unit signal
and conpag §321334. Qﬂhmbbﬂéctéleﬁﬁéh@ﬁﬁﬁg(ﬁmé Bivigien ehiapleadess (TBMANAS i gnal
with the chip code sequence signal Transmtted by the base station to
determ ne ,the | pcation of,the subscriber unit. BRI EF DESCRI PTI ON THE
DRAW | —TCRir inigEiage 35 facaled ithis @ BIFaliy of Base istians; o ,c;smlaire igleplianon
systemFigure 2 is an illustration of a prior art CDVA system Figure 3 is

a bl ock dinaakiass tHe reEived Ghrad seshSthromi dach dffthebasé ktaGoE and HA¥mify gur e
4 is a block diagram of conponents within a prior art CDVA system Figure 5

is an illustratio f a global .pilot sjgnal and an, assigned pil ot signal
bei ng corfgH sne do el seepistile tase Slafiiha At 2 SO Himing celtergtid
Figure 6 is a block diagramof a first enbodi nent of the 'present invention

usi ng at reeeivedisigmsd strengths tfirdm dis base siatiens/arescomparet andrprdcessedf Thecat i ng
a subscriber unit using the first enbodi nent of the present invention with

embod; mere O TiRE B S St rw b P Hie oRblF e POttt AR BB SefloB e 1 per
unit. Figure 9 is an illustration of |ocating a subscriber. unit using the
second erthest distancos, thé:dogatien @fthe mabilei telephone is eadcwatesl. st at i ons. Fi gure

10 is an illustration of locating a subscriber unit using the second

Flgare 11 1 o ISy SqumieRion PO, IR, (spaiad herdas LPUbRERD. ocon

i nvention having a hase station with mul tigl €. ant ennas,
techniques are increasing in popularity. In code division multiple access (CDMA)

systems, data is transmitted using a wide bandwidth (spread spectrum) by
modulating the data with a pseudo random chip code sequence. The advantage
gained is that CDMA systems are more resistant to signal distortion and interfering
frequencies in the transmission path than communication systems using the more
common time division multiple access (TDMA) or frequency division multiple
access (FDMA) techniques.

There exists a need for an accurate mobile subscriber unit location system that

uses data already available in an existing CDMA communication system.



Figure 12 is an illustration of the third enbodi nent having a base station
with multiple antennas. Figure 13 is a block diagram of conponents used in
the third enbodinment. Figure 14 is an illustration of nultipath. Figure 15
is a graph of a typical inpulse response of nultipath conponents. Figure 16
is a block diagramof conmponents within a fourth enbodi nent correcting for
multipath. ._  DESCRI PTI ON OF THE PREFERRED EMBOD11VLENTS The preferred
enbodi ments will be described with reference to the drawi ng figures where

i ke nuneral s represent I$EMMMARIOF THERWNVENTIONW in Figure 1 is a

sinplified CODVA communi cation system A data signal with a given bandw dth
is mxed with spreadi ng code geperated py .a pseudo rgndom chip ¢qde
sequence generﬁ%ﬁ'vﬁpﬂﬁﬁgfam% ‘gpgﬁ?g@ﬁ%éﬁc&ﬂib? %?H%CQE]EI unigggHUn
reception, the data is reproduced after correlation with the sanme pseudo

random chi CIBNIE coauvaneation aFstetn.t 1AM ohd bas@ statidny RaNsAIH Y sregaal
within the transm ssion bandw dth appears as noise to the signal being

i gnal | SPEQRUTY SR oFRLng Sh 4ok emperos uniy BRn Bise it R puribes” |

respective receivers to synchronize wwth a given transmtter, allow ng

despr eadiunjt réceives ithé base stagionlsigial ahé transmits &r spread spdotruns sign@DMids st em
base stations send global pilot signals to all subscriber units within

hei . f h : > . ¢
i rect o eipghelABehc S W R ThE 2l Eodf sfie e Rites,
system etch subscriber unit sends a unique assigned pilot signal to

synchr onirgeeivedibase statiomsignal. &l hechase stationrecdivesthe Bubsoribep unitisigatal ands a
CDMA conmuni cati on system 30. The conmmuni cati on system 30 conprises a

pluralit j ~ ' 3 i .36, ,
oz . SelineBteThil oA nedenoc bl the recerla bR oottt LU i i ohip.
units 401, 402 ... 40", which may be fixed qor nohile._ Each_subscriber unit
401) 40s code saquenes Fenal gan@@mc{w thethase statien ¢ detesminsdbe legationf the1 or
t he base station 361 which provides the strongest conmunication signal.
Each basgubi@ibe?nd0l, 36Z ... 36a is in communication with other
conponents within the comunicati on system 30 as

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is an illustration of a simplified, prior art CDMA system.
Figure 2 is an illustration of a prior art CDMA system.
Figure 3 is a block diagram of major components within a prior art CDMA
system.
Figure 4 is a block diagram of components within a prior art CDMA system.

Figure 5 is an illustration of a global pilot signal and an assigned pilot signal

being communicated between a base station and a subscriber unit.



shown in Figure 3. A local exchange 32 is at the center of the

communi cati ons system 30 and communi cates with a plurality of network
interface units (N 1Js) 341, 34Z ... 34p. Each NICT is in conmunication
with a plurality of radio carrier stations (RCS) 381, 38Z ... 38n or base
stations 361, 36Z ... 36a. Each (RCS) 381, 38Z ... 38n or base station 361,
362 ... 36n communicates with a plurality of subscriber units 401, 40Z ..
40p within its communicating range. Figure 4 depicts a block diagramof the
pertinent part sl«*iggumra 0] b_lcbdl@di&%ramdf a st embodmhétcsiriie Preint fivenriohem
Each i ndependent base station 361, 36Z ... 36n generates a uni que gl obal
pil ot signal using a.global pilot chip code generating nmeans 421 and spread
spectrun1d¥8&b@§?g§' 6554§@“¥ﬁe gl obal pilot chip code generating neans
421 generates a uni que pseudo random chi p code sequence. The uni que pseudo

random chi p co?ﬁg@ﬁﬂ@ﬁ@%ﬂ dllustedionoof Nocathg hesutaribeAninis uging! thebfipgtwi dt h
such as to 15 as used in the B-COMA' 1' Mair interface. The spread

spectrum prqcessin ans nodul ates the. gl obal pilot chip code sequence up
to a -6 eﬂ&%‘?‘f‘@@“ﬁ@ PWE&U&ME@FOW@%@%F PPg‘?S%F'QEQPS‘i s transmitted
to all subscriber units 401 by the base station's transmtter 461. A

recei ver 481 atFjgure8dsabbeck diagiandbfla sevond\eenbalimienadf &w?remﬁﬂt fnveheioha
plurality of base stations 361, 36= ... 36p. As shown in Figure 5, the

gl obal pilot 501 travels frogmthe Bas% station 361 to the subscriber unit
401 and cSHOWIRG CRPPODRRLE HsgC.1n g SUDFETIDEL UBLL o1 i o (1) The tine the signal
travels fromthe base station 361 to the subscriber unit 401) zl, equals

t he di stance b&igere 2 e ahadllassatin of 16Gtingnd ssbseribérbenit wsing ti2lsecohi

di vided by the speed of light, c. Refernng back to Figure 4, a gl obal pilot
chip code rac [ S L5 Al I - ynit 401 can receive

gl obal pi Ieg?bo?x{%}é&gg@&%éé?]t&géﬂébémaghg%ﬁ#??g% base stations 361, 362
... 360. The subscriber unit 401 generates a replica of a global pilot chip
code sequence &igusedénisoan ilustrationgfrlocating a sbiscxibes unitnising thiet second

recei ved global pilot 501. The subscriber unit 401 al so has a processor 821
to perfor : kSntl: i < 0f 'y rE#{bln 401. The
subscri be%@%ﬁﬁg{oggﬁeé%?%%t %%%%h@g‘%%?ﬂﬁg%ﬁ%g ugi ng assi gned
pil ot chip code_generating neans 561 anpd spread spectrum processi ng nmeans
581. The assi gAagupe 1diischdptatled dllystration Pﬁ&lm enbodynant of the preseniudo

random chip code sequence with its timng synchronized with the recovered
gl obal pi lipfertionhHEHE a base station with multiple antennas.

Figure 12 is an illustration of the third embodiment having a base station with
multiple antennas.

Figure 13 is a block diagram of components used in the third embodiment.

Figure 14 is an illustration of multipath.

Figure 15 is a graph of a typical impulse response of multipath components.

Figure 16 is a block diagram of components within a fourth embodiment

correcting for multipath.



sequence. As a result, the assigned pilot chip code sequence is del ayed by
Tl with respect to the base station 361, 362 ... 3bn. The spread spectrum
processi ng neans 581 generates the assigned pilot signal 521 by nodul ating
the assigned pilot chip code sequence up to a desired center frequency. The
assigned pilot signal 521 is transmtted to all base stations 361, 362 ...
36" within range to receive the assigned pilot signal 521. The base station
361 receives the assigned pilot signal 521 with the base station's receiver

621. The receive i [ " ] as the

gl obal pilot si gmmymw ?ﬁ?ﬁgwm@@ﬁlﬂ@ recei ved
assigned pilot signal will be delayed by ~1 with respect to the nobile unit
40s and by 2i; Whe prefesed embagimbentsgvidbbe¢ desdribiedopith gefersrwedd the dtdveinigase
station 36,. Since the chip code sequence of the assigned pilot 521

recei ved iRt q{,hﬁf}' \ with respect to the
chip codeaigg‘%q%gnce gflﬁ(iehe g %%g%p"g%’gtmgﬁ %ﬁgﬁ%@%‘ﬁl&ét ed at the base

station 361, the round trip Er_opagati.on del ay, 2T1, can be determ ned by
conparing the t$howg infFiguee d\is acsimplificdCHMAccromunigatiog system.odndatar i p

propagati on del ay, 2i~, the distance d, between the base station 361 and
subscri berg Wity G rs [ h ds=021: i ( If a
spr eadi ng Sé ql}ré"rlll‘(ﬂ:lggt avl n%ﬁgq@ﬂlﬁ]plg}rﬁgg?%g] agsfprg%&flgggﬁg ggﬁl%rg&ldsb%{fs%%“gﬁd t he
conmmuni cation systemhas the ability to track 1/ 16F of a chip, the distance
dl can be rapdemyr&uptadgi seanence gamerater prodyping @ digital spreack spactminasignnl.a
first enbodi ment of the present invention. No additional hardware is

required il_f)?érh SeSepiticl, itherdawid rdfbduddi® abiel YedtRANGAS vALE thd RhREEHNeRE DY

software within the subscriber unit's processor 821 and the processors 661)
66Z ... 66p, .68, . 701, ,702 ... 70a |located within the base statjon 361, N U
591 or " LodBhdeighin geddssaepre bt sodransit the.dies. EYery Sher sisneh wiaia the

Di spatcher 76. The subscriber unit 401 is sent a signal by a base station

361 indi catdnsenissieh band@width appedrs we noisel toithé sigrabbeing despieadt he subscri ber
| ocation protocol. Upon recelpt, the subscriber unit 401 will sequentially

Stat i ons’ chi p bk SPIcHoRIAEoL Bifh AXALERET s wPhon SRR SerEE oo,

363 ... 36p outside of the subscriber unit's normal communicating range,

t hese tramequised dos enery tiassmidter. ailhe pilethsignah ablomsr raspeqtineereceivers to
synchronize with a given transmitter, allowing despreading of a traffic signal at the
receiver.

In a typical CDMA system, base stations send global pilot signals to all
subscriber units within their communicating range to synchronize transmissions in
a forward direction. Additionally, in some CDMA systems, for example a B-
CDMA™ gystem, each subscriber unit sends a unique assigned pilot signal to
synchronize transmissions in a reverse direction.

Figure 2 illustrates a CDMA communication system 30. The communication

system 30 comprises a plurality of base stations 36;, 36, ... 36,. Each base station

-5-



| evel tenmporarily over-riding any adaptive power control algorithnms. A
processor 661 within each base station 361, 362 ... 36p is coupled to the
assigned pilot chip code recovery neans 641 and the gl obal pilot chip code
generator 42,. The processor 661 conpares the two chip code sequences to
determ ne the round trip propagation delay tl, T2 ... Tp and the respective
distance dl, dZ ... dp between the subscriber unit 401 and the respective
base station 361, 362 ... 36p. -9 Wthin either a NnJ 341 or the |ocal
exchange 336, 36pr o¥pds in wirelessconunynication withaaplusalitly of dubscribed Units dm t h e
processors 66,, 66z ... 66p within all the base stations 361, 362 .

of the subiar e driiehffa¥ 18 RRF g dhobify ugeﬁ%‘gﬁhé&w%‘ibﬁl{%ﬂgf{dsﬁe'@ﬁﬁt or
| atitude fromthree base stations 361, 362, 363 and di stances dl, d2, d3)

t he | ocat i commiinidatesswitb @ithor theuelosest basei statien 367ontt. base stdtionB6,rwhictiur e 7
by using the three distances dl, dl, d3) three circles 781, 78i, 783 with

s S S 0. S5 6,

three circles 781, 78s) 783 is at the location of the subscriber unit 401.
Usi ng t he communicationowitlli othee sompoeeiits githim theacominaunicatitn systeras3@®radi ng

wi th each base station 361, 362 ... 36n is represented as Xp, Yo, where X
|sthelor§ p{é@lg is the latitude. If X, Y represents the |ocation of
t he subscrl X using the distance fornmula the follow ng equati ons

result: (X1~~2 -~ (Y1~~2 c d12 (X2.2 .h~Y2.~2 a ds (X3 ~2 '~'(Y3~~2 = d32
Equati on (3) Eq%udOCairﬂX@haln@]iﬂtlS ahtl(csgenmr of thet capnunications sy$teme30 and i n
cal culating the distances d~, d2 , d3, Equations 3, 4 and 5 cannot be

kel | hooGORLFHEEs Wit'a GRS of (dvRPRHRRIACE it MUt 30 . ol

known to those skilled in the art. For increased accuracy, addi ti onal base
stations ¥ach NHSis in coyppupiention witha plorality efiradie caarier statians (RESHA8as f or
inclusion in the estimtion anal ysis.

38, ... 38, or base stations 36,, 36, ... 36,. Each (RCS) 38,, 38, ... 38, or base station

&~

36,, 36, ... 36, communicates with a plurality of subscriber units 40,, 40, ... 40,
within its communicating range.

Figure 4 depicts a block diagram of the pertinent parts of an existing spread
spectrum CDMA communication system. Each independent base station 36,, 36, ...
36, generates a unique global pilot signal using a global pilot chip code generating
means 42, and spread spectrum processing means 44,. The global pilot chip code
generating means 42, generates a unique pseudo random chip code sequence. The
unique pseudo random chip code sequence is used to spread the resultant signals
bandwidth such as to 15 MHZ as used in the B-CDMA™ air interface. The spread

spectrum processing means modulates the global pilot chip code sequence up to a

-6-



The subscriber unit's location is sent through the comunication system 30
to at |east one precinct 741, 74~ ... 74n and an anbul ance di spatcher 76. A
processor 701 within each precinct 741, 742 ... 74p and the anbul ance

di spatcher 76 receives the |location of all 911 calls originating in the
system and di splays the | ocation on a conventional conputer nonitor 721.
The display conprises a listing of all 911 calls and addresses on a
geographic map. An alternate approach reduces the nunber of processors by

transmtt degirewnﬂatfae?dmoy.g'lﬁhe givbabpitotsigad iscransygtted vl subsbcEibec@sies Ng
the raw data at a single site. Figure 8 is a second enbodi nrent of a

| ocati on sie | east t, base, stations 361, 36z ... 36p have their
i nt ernal ?M’X?’ﬁf}#&@ﬁ%‘?&‘éﬁwmﬁ@a *other and transmt their respective

gl obal pilot signals 521, 52s ... 52p with time synchronized chip code
sequences. TheAspdretvérbd8, ana tsubScritieraaiiv 40, réeigdsoRadildble Gigndd Fron®2s - - -
52p. However, the received global pilots 521, 522 ... 52n are not

synchroni zed.,.Th | obal. pi Lot 1 oma first base station 361, w

travel diEﬁ’éﬁ]&%{(ﬁlb%ﬁﬁﬁéiuggﬁégagﬁ"bégnz%sW%Fb gurg 'd‘i‘egbaipﬂﬁ‘i second
base station 362 travels distance dZ and is del ayed by T2. The subscri ber
unit 401 graeely éiomn dichaseassiont 36, ite tiessubkeriledr upit 40, adldidan-bkkepresasted agauence

with its global pilot chip code recovery neans 54,. A processor 82, within
t he subscriber unit 40, is coupled to each global pilot chip code recovery

means 54,, 522 ... 54n. The prf sor 82, conpares the chip_code sequences
of each pair of pilot chip code sequences and cal cul ates th&quation (1)
differences &t,, ~tz ... fit" between the sequences as follows. Wthin the

subscri ber unit 401, the chip code sequences used by each base station 36,,

202 5T Bl Py bR MR Sn S o DRSS TR 03

synchroni zati on was obtained. This process is repeated for the other base
st at i ons &p@ls thedlistancabeiwegndhe baspsiatiorndézand subspribeewsit 40y dpadidisted
sequentially (synchronizing to the first base station's chip code sequence

then the RohPle i N parallel (synchronizing to all .base stations
B st o it

at the s using the relative tine difference between ~,, T2,
... zp each base station's chip code s?ﬂggnge and | rnowi ng that each base
station's pil okefgadng dckdo Kigureshea glahal pifot ghipveode secexery imeanstdh ti me
differences are calculated as follows: qgqtr =t2 -z, ~z = ~t3' ~z Equation (~

within the subscriber unit 40, can receive global pilot chip code sequences from a

plurality of base stations 36, 36, ... 36,. The subscriber unit 40, generates a replica

of a global pilot chip code sequence and synchronizes the generated replica’s timing

with the received global pilot §0,. The subscriber unit 40, also has a processor 82,

to perform the many analysis functions of the subscriber unit 40,.

The subscriber unit 40, generates an assigned pilot signal 52, using assigned
pilot chip code generating means 56, and spread spectrum processing means 58,.

The assigned pilot chip code generating means 56, generates a pseudo random chip

code sequence with its timing synchronized with the recovered global pilot chip code

-



Equation (7) The tine differences LIt,, Gz ... Vita are transmtted to at

| east one of the base stations 36,. -12 At | east one base station 361
recovers the tinme difference data fromthe received signals using tine

di fference recovery neans 841. The tinme difference data is sent with the

di stance data dl through the comuni cations systemto a processor 68. The
processor 68 determ nes the | ocation of the subscriber unit 401 using the
tinme difference data ~tl, ~tz ... L1t" and the distance data.dl, d2 .., d"
as follows. deqoendenf As aeresult, theassigned pilorchipodsiseyuente is@elayedbyos, wign
in Figure 9) the processor uses distances dl, ds to create two circles 7%$1,
782. Using the tine difference, l,, a perbola 81 can be constructed_as
(oli ove. & | Tesnechin thebap SRGORBLIher At Th8SRTeAd Br UE MmO SRR mETSAS,
signals 521, 52Z fromthe synchroni zed base stations 361, 36Z with the sane
time differeneaerdéd theTdssignedepititisi@idrB2e biyirbdelating ehe apsighddHilo0c

di stance difference ~d, by suggtitu%?ngnﬁtY for tli gnd Adlg?orﬁd§ #gpcode
Equation 1. Using the djstance formula and X, Y t he, | ogaton of )
Subscr ber uEGSE Um0 PoRFatEch GEE ARt T e pigaed PG signal 9 vis:-
(XZ-X)Z+(YZ-Y)Z Equation (8) By using Equation 8 with Equations 3 and 4 in
a maxi mum | i kemnishired es ull st 8tationd 86, 036.1. 36, avithinaran o 36 tédeve thel dssiphéd
can be determ ned. The subscriber unit's location is subsequently sent to

t he near est pgl:Di ce e‘igﬁl nct 741, 74Z ... 74" and anbul ance di spatcher 76 in
the cel | ul ar PXbS18NE 1 For inproved accuracy, additional base stations
361, 362 '... 36p are used. Figure 10 shows the invention used wth three

base stations 361 Th#5Base36tion86,dieskives ahe dkdighed pildt 3ignal B withahe e
three circles 781, 78s, 783. Using tine differences ~t~, Ats, two

et mat 1 on, EREC P 53,02 e 1Bl AREte Bot e s ey Gt e hons fE1andt 4

861, 862, and three circles 781, 78z, 783 yields greater accuracy. As shown
in Figure 8, atlthe glbbalrpibet signak 5@D as ishowadni FigireoS pracesdingly, hthgl rebeived
pil ot chip code sequence to determne the tinme differences Ol, ~ltz ...

fit". An alt 0 ' t PN it
401, wtn'rcrer ChELBR AB68 ALB BRtaeR L oSk ket O Ma MG Y R Hop g Y
assigned pilot to one of the base station's global pilot chip code
sequences, s@echwath reispectdarthe global pilot 50, generated at the base station 36,.

Since the chip code sequence of the assigned pilot 52; received at the base
station 36, will be delayed by 21, with respect to the chip code sequence of the
global pilot signal 50, generated at the base station 36,, the round trip propagation
delay, 21,, can be determined by comparing the timing of the two chip code
sequences. Using the round trip propagation delay, 27,,the distance d, between the

base station 36, and subscriber unit 40, can be determined by:

dy=c* 21,
2 Equation (2)



base station 361 with a delay of ~I. The assigned pilot 501 is transmtted
to all base stations 361, 362 ... 36". The assigned pilot 501 wll be
recei ved at each base station with a respective delay) Tl + z,, il + ~2, i
+ T3. Each base station 361, 362 ... 360 will send the delayed chip code
sequence along with the calcul ated distance to a processor 68 located in a
N1U 341 or | ocal exchange 32. The processor 68 will calculate the tine
differences dtl, ~tz ... Ata by conparing the received assigned pilot chip

code sequ e i; I S [ L¢P are
el ayed bt 8 spreqiB ReRicnc?RYiNE S SRppHIE forB ortls ACSORLR, SR GAF e
differences ~tl, dtZ -14 ... ~t~. Accordi ngltg, t he subscriber unit 401
can be | ocanmounisation systemiduis #e adlity ®aracksl/p6@of achip; thiedistanbed, canbe her
enbodi ment shown in Figures 11,12 and 13 uses a base station 361 with

mul tiple s 88p. Two of the antennas 881, 882 lie al ong
a centerl ﬁ%ﬁ@%ﬁ}o&ﬁi%ﬁnﬁéﬁt ance, |, apart as shown in Figure 11. Both

antennas 88,, 88Z receive the assigned pilot signal 901, 902 fromthe
subscri ber uni Figuore 61 adlock dtagaaramf@rigrat ssibodimenicof thegyresens invemsion.

subscri ber unit 401 receives the signal over a slightly |Ionger distance dl'

and with i 1 Fi‘gp&ﬁtn rpfe? t I el ay
results |§I§A%cg€§?§?{agﬁg\§%é @ir erencet?lgf'?g%ce Weeru?llﬁ ttﬁje}' ??%ﬁ)ﬁg&?aen%\%% at
each antenna as shown on Figure 13. A processor 66 using the received
carri er pilmplemtimed bnseftayate t withithithe cubscriberusnits precaseor 82pyanss the

assigned pilot chip code recovery neans 961, 96Z ... 96p can determ ne the

| ocation S@e begg ugnrt as ~o whithi i j e t he
subscri beﬁltouctr? ??)rig ?“iwg’ f'bégft’ gg’ 7aﬁ9?i?%'i' a731)& L&%\{\édat anlg@gméﬁ %@bﬁ gg" Nit
centerline 92 of the antennas_ 881, As seen at the scale of Figure 12

887.
bot h r eceddeer laacal fixchapge 32, Preminets 7dp174,90 74a ppé Ambulanee Bispatches 6.

However, as shown in Figure 11, the received assigned pilot signals 901,

902 are slight fThe SABSEM@ Uit AT i§ S&t! aV.ﬁg?aS@,i #B&s §hlioh 36] §AkatidP that a

returning to the first antenna 881 travéls d distance d,.” The receil ved

assigned pilot, _signal 907 returning -15 to the second antenna 88z travels
a slightl §i1 63 Ak Iniialed ang o bepl dk SHkseTOR lggatéon protogl. dypon Feceint

bet ween the two distances dl, dl' is a distance m Since the distances dl,
dl ' bet vege {utsscAbeennits468will 384uemihilyheyndtenizebies ttankinistith ehip codd
| arger than the distance 1 between the antennae 881, 882 both received
assigned plh0h o8tk Wrbe bad8 stafibh® trip 2682 bRlehics. PR5 AlibW reB&tibi by
the base stations 36,, 36, ... 36, outside of the subscriber unit's normal
communicating range, these transmissions will be sent at a higher than normal power
level temporarily over-riding any adaptive power control algorithms.
A processor 66, within each base station 36,, 36, ... 36, is coupled to the
assigned pilot chip code recovery means 64, and the global pilot chip code generator
42,. The processor 66, compares the two chip code sequences to determine the

round trip propagation delay t;, T, ... T, and the respective distance d,, d, ... d,

between the subscriber unit 40, and the respective base station 36;, 36, ... 36,.
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constructing a right triangle using a point 94 which is distance dl from
the subscriber unit 401 as shown in Figure 11, the angle can be determ ned
by the follow ng geonetric relationship: = COS 1 (mt'). Equation (9) The
di stance m can be determ ned by using the carrier phase difference, -,

bet ween the two received signals 901, 902 as follows: 2 ~t Equation (10)
The di stance m equals the phase difference between the two signals, cb, in

radians nultiplied by the wavel ength of the signal, ~,, divided by 2n. The
wavel engt h, ~, , Withinsithee aiNIEH34anthe locakexchange 33,2 processarf68 teeeives theed
pilot signal as follows: ~, = clf. Equation (11) -16 The processor 3

al so conmpar Fp h | oAl I ans
G21 wi e ¢ oS - Fe AR T BRESHScR} 66,0863, 08, WA S bR BRE HRHoRE e
di stance dl as shown in Figure 6. Using both the angle and distance d~,

t he proces86y, 35l...| MqatBee processon O udssrthe distau®s d;jsdng. @), wpldeteyine the .
There are many techni ques well known to those skilled in the art to

elimnate i(@ggﬁmzqﬁé Eﬁ'bst&?iwfﬁﬂitlﬁfﬁg '&ﬂﬁ”@bove and bel ow t he ant ennas 88l
tec )

) 882. One nique 1S using antennas enpl oying sectorization.
Subsequently, the subscriber unit's location is sent to the precincts 741,
742 ... 74p andBynisitgthedkntivep longiexde aad latitude from threa thase atationy 36 3Ged to
i nprove on the accuracy of the system An alternate enbodi mnent uses nore

ci ther & FoorasisRlesd iy i the et o BRAGRIARE il 2R s

information from nor e t han one base stqtion 361, 362 ... ‘36n as welt as the
ti me diffeshovemin Kigyred by using-the thieetdistancesidy, dads, twes civokes 78y, 78678, . .

36n. Using the maxi mum | i kelihood estinmation technique, the processor 68

det ' tep.| ' t : R b ' h
enod mon: "RBFRLEe SO 0% 80 e ConRchd, TRRNTHEN T8 T8 78 b (RMercflaiolid

signal such as a_global pilot signal is transmtted froma base station
361. The st tgspective basesstation 864, 800601 The infersegtion o the threegisclss "BeciS.t he
base station 361 and subscriber unit 401. -17
78, is at the location of the subscriber unit 40,.
Using the Cartesian coordinates, the longitude and latitude corresponding
with each base station 36,, 36, ... 36, is represented as X,, Y,, where X, is the
longitude and Y, is the latitude. If X, ¥ represents the location of the subscriber unit

40,, using the distance formula the following equations result:

(XI'A’)2 +(Yl-)’)2 =d 12 Equation (3)
X-X)? +(Y,-Y): =d;? Equation (4)
X=X +(Y,-Y) = df Equation (5)

In practice due to small errors in calculating the distances d,, 4, , d,,
Equations 3, 4 and 5 cannot be solved using conventional algebra. To compensate

for the errors, a maximum likelihood estimation is used to determine the location and
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Figure 13 is a graph show ng the inpul se response 136 of the received
mul ti path conponents. Since each received nultipath conponent travels a

uni que path, it arrives at a receiver with a propagation del ay determ ned
by the length of the path 981, 982 ... 98p. The inpul se response 106 shows
the collective signal magnitude of all the nultipath conponents received at
each propagation delay. The previously described subscriber unit |ocation

t echni ques as d the subscriber unit 401 synchrgnizes with the line of

S oht i Seguel KagwRAR0SS SEiIH in e o Hos FikReared actigasd, aaitidal base
subscriber unit synchronizes with a non-line of sight nultipath conponent
981, 98Z statiof®B36,, B6g..0B6 cdicke dsvdavlcaloutate wdditional distamceoforduélutiontiie
delay MO as shown in Figure 15. Figure 16 is a systemcorrecting for
errors resulti.ng, fromumultipath. The global pilot 501 is sent fromthe base
station 36¢ €58 %a&ﬁls'unit 401. The subscriber unit 401 collects all of
the multipath conmponents using a nmultipath receiver 1021 such as discl osed

in US. Patent The phbstibes initts 10281616 & s6ab throughnthestorimunicdiivdy $8tedt 80 here
by reference. A processor 821 within the subscriber unit 401 anal yzes the

i mpul se response 100 of t recei yed obal ,pil ot signgl 1., Since the
|1he of dPFRIeRPES Beectnatdpoliam 156314 pogumtblands siher Ty A PIES - ¢ he
first received conponent 981 is the line of sight conponent. If the |line of
si ght corfyneithinieach precinetI4{£4, .t T4, diid the anmbudince dispanier §6ireSfitesthe! be
the cl osest and) accordingly, the best available estimate for the |line of

si ght conponent. .The,; 18 processor.821 conpares t.he chi ode. sequence of
The 1 rouBrRidH of A QLhas FEEARE i it SRFRR 553 AsPlaf, e I8eoB P §
synchroni ze the assigned pilot chip code sequence. This conparison

det er m neonvbatiokdlxpnineet momitbt 7 at The difplay Tomprises ajistingaflaly911Malls i s
transmtted to the base station 361. A processor 661 and nultipath receiver

1041 withyj tat i rformthe sanme anal ysis on the received
assi gned%%ﬁ%@%ﬁgpiﬁdﬁ?%gw the nultipath delay, MDZ, of the
assigned pilot signal is determ ned. Additionally, multipath delay recovery
neans 1061 r echnaitermaieapproashiredusgs theomunber ofprogessaty by transmiting rawel ay
MDI for use by the processor 661. The processor 661 conpares the generated
gl obal pidagf ﬂﬁbuga finsleomAtHAbafor §stdif 30aaRAMROeSssAESTHENA% @Ath At aGingle code
sequence to detefmne the round trip propagation delay 2ij. To correct for
mul tipath, the processor 661 subtracts both the global pilot signal's

nul ti pat§%el ay MD and the assigned pilot signals nultipath delay MD2 from
the calculated round trip propagation delay, 2t1l. The corrected round trip
propagati on deFigure 8 issededohdiehbodinimt iof e Richtion ishstenmunit '16ast ewatbage i n
one of the techniques as previously

stations 36,, 36, ... 36, have their internal timing synchronized with each other and

transmit their respective global pilot signals 524, 52, ... 52, with time synchronized
chip code sequences. The subscriber unit 40, receives the global pilots 52,, 52, ...
52,. However, the received global pilots 52,, §2, ... 52, are not synchronized. The
global pilot 52, from a first base station 36, will travel distance d; and is delayed by
7,- The global pilot 52, from a second base station 36, travels distance d, and is

delayed by t,. The subscriber unit 40, recovers each base station’s global pilot chip
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descri bed. Although the invention has been described in part by making
detailed reference to certain specific enbodi nents, such detail is intended
to be instructive rather than restrictive. It will be appreciated by those
skilled in the art that many -19 variations nmay be nade in the structure
and node of operation vi~ithout departing fromthe scope of the invention
as disclosed in the teachings herein. -20 CLAIMS 1. A nmethod for
geographically locating a subscriber unit within a CDMA conmuni cati on

syst em haode sequencetwith its global Ipilbt ekip dode accavesy mdans 5y hddprocessor82;9: |
{a) transmtting a first spread spectrumsignal with a first pseudo random

pect rum S HHF b vite 3071 bonded b eab EFOUAIIANGR 188 oRgl sefoety °
subscriber unit; (c) determning a first received conponent of the received

first sigmadansSdy§&t.h SdanPheprocessdr@2, companestthe chippcadecsequencuseddach
spectrum signal with a second pseudo random chi p code sequence from said

Synohr on P24 ARiiot Ehih SRR AT AR CRESRREMRBEAFROEIRRIAE. 48, 2 AtV ng
sai d second spread spectrum signal including second signal nultipath

conponent beeweencthe sequences asifollow§f ) deternmining a first received conponent
of the received second signal nultipath conmponents; (g) determ ning a

i st v cer vod it fhe EbEebal 4RE 405 hns Tip E08S shaibel Uhoq RIFEN Hhob T

sai d subscriber unit's geographic |ocation based on said distance
det er ni nastation 36,, 36¢..n364 hard stdred! Afterisymebragiizingtwith thefirgtdase stativar’ § or med
respectively

pilot 36,, the processor 82, will store where within the sequence synchronization was

obtained. This process is repeated for the other base stations 36,, 36, ... 36,. The
- synchronization process can be done sequentially (synchronizing to the first base
-station's chip code sequence then the second, etc.) or in parallel (synchronizing to all

. base stations at the same time).

By using the relative time difference between Ty, 7, ... T, cach base station's
chip code sequence and knowing that each base station's pilot was sent at the same
time, with two base stations the time differences are calculated as follows:

At =7, -1, Equation (6)
Aty = 141, Equation (7)
The time differences At;, At, ... At, are transmitted to at least one of the base

stations 36,.
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for each of three base stations, each base station associated with a
different fixed |ocation, and step (h) determ nes said subscriber unit's
geographi c | ocation based on said distance determ nations for each of said
three base stations. 3. The nethod of claim1 further conprising the steps
of : performng steps (a)-(g) for both a first and a second base station,
each base station associated with a different fixed | ocation; tine
synchroni zing said first base station's first spread spectrumsignal with
sai d second bagst least one'basé istations 36 ¢ retovprsctheutimei diffdrencen datdefronmine ng a
time difference between said first base station's and said second base

station's_{i i | t i d subscriber, unit;
and uher ofeeL e ABRETE HBEiih UG EHOAeRal s Fhes 52 TR HuBirensElogt
using said distance determ nations and said determined time difference. -22
4. The neiswsent ofiticthe distante dataad, throgghi the cgnirhenisatigrs systernes a@rocessog
steps (a)-(g) for both a first and a second base station, each base station

associ at edoWi i r . xed | tion: ML Ng. i g second base
station sgﬁ'd %c@@%eéﬁe@d&%t 3t '&ﬁr‘fﬁé%’ﬁﬁpn\ﬁxﬁgﬁ siﬂg&%bﬁé u@n@ir‘fﬁw& with
said first base station's spread spectrumsignal, said first base station's
second si gnm differenceadhtatAtgaid, sedtpandtralistante dataidycdyidi digas followsbase
station's second signal nultipath conponents; determning a first received

conponent of sg i i I Qo 0 | i pat h
conponent s at gglﬂ'ﬁé @@ﬁgﬁ%igx@éPgﬁf@\&ﬁgﬁ%ﬁ%ﬁ%sf%@%?ﬁbigﬁﬁ’\h‘fiﬂﬁg@ nce
between said first base station's second spread spectrum signal received at
sai d firs9, thegrosessor usesatistancesd), d, @ craate twa eircleat78,178,aldsing ¢hetimest ep
(h) determ nes said subscriber unit's geographic |ocation using said

di st ance ] iqp@F,%Q ' r ' i rence. 5. The net hod
of clai m@vﬁé@ﬁﬂt al aggﬁﬁéjtcgg%%r@gﬁg?tépqgr@héggbnd ant ennas each
associated with a different fixed |ocation and said second spread spectrum
signal is receildhcpeopnts alongthehyperbala86,seceivethaglobal pilat signals 52,052 her
conprising the steps of: determ ning the phase difference between the
respect i VoARhe RInSRORRAITASE batiBhs 36,865 wihGRE ¥ efbriides Ar 2Phes econd
antennas;ﬁgnd -Zgn cgf%ul atlen{gaﬁgh anlgPe2 assocll:at eg%t s;fuéﬁ bég‘eng%e;ti on

and sand subsgriber unit
' time difference ; can be converted to a distance difference Ad, by substituting At,

for ¢, and Ad, for d; in Equation 1. Using the distance formula and X, Y as the

location of the subscriber unit 40,, the following equation results:

Ad, = (X, ~X) +(Y, - Y7~ [X,-X) +(¥,-Y)? Equation (8)
By using Equation 8 with Equations 3 and 4 in a maximum likelihood

estimation, the location of the subscriber unit 40, can be determined. The subscriber

unit’s location is subsequently sent to the nearest police precinct 74,, 74, ... 74, and

ambulance dispatcher 76 in the cellular area.
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based on said phase difference and the distance between the first and
second antenna's fixed | ocations; and wherein step (h) determ nes said
subscri ber unit's geographic | ocation based on said di stance determ nation
and said calculated angle. 6. The nethod of claim1l wherein said first
signal and said second signal are pilot signals. 7. The nethod of claim1l
wherein said base station's fixed |location is associated with a |atitude
and a longitude and step (h) deternines said subscriber unit's geographical
| ocati on basedpghimptdlededdcuralss, saditibrla0Maké YetRiond 86,5 365 . J13H. a6 Sused
determ nation. 8. e nmethod of claim1 further conp3|5| g th& step of

di spl ayi ng, sai d subscriper, unit's geographic |ocatiqgn on a map.. 9. The

met hod of Figuirent), shows n&% inveRitansisegl Wil tireg,bage sfaans Pong3%aidess Bher i ber
unit's geographic |ocation as an address. _2q, _ 10. The method of claiml
wher ei n sgiepnbky dfleds’ d] BeS usad doSereaer RS cirtids 78,9°T8) 80! CUSREARR
using said distagge %é?%rnination In a naxinun1|iké@?ﬁgbzmgstina on. 11. A

nmet hod for,_determ ning, a di stance hetween a sugacriéer unit and a base
station i@f@mei B%e interseeting Myperholae 860 P& Arp rqopstiyeteda) With
transmtting a first spread spectrumsignal with a first pseudo random chip

code sequeAgnimHRefihbad sifriition] thel dbstEB& Witk 16¢atiol Ehlbhlatdd @%3%
spectrum signal including first signal nultipath conmponents at sal

P R AR o Y ERR it

spectrum signal with a second pseudo random chi p code sequence from said

subscriber uniAs shéwfl incFiptre8; atid qubsdritenuild #0LRARquaedBoFroeesséach M
synchroni zed with said recei ved first spread spectrum signal; (e) receiving

sai d second, spr.ead,spectrum signal jncl udi Seco si gnal | £ pat
corrponentéjog"iSl @ﬁlt(ﬁ:b‘ﬂggg & fequadie tf’I‘-iet‘?’IBPB? ﬁ?"npmf @Qgﬁqrggqesrlé ei‘ged" Alla'ponent
of the received second signal nultipath conmponents; and -25

An alternate approach removes the processing from the subscriber unit 40,.

With reference to Figure 6, the mobile unit 40, will synchronize the assigned
pilot to one of the base station’s global pilot chip code sequences, such as the nearest
base station 36, with a delay of t,. The assigned pilot 50, is transmitted to all base
stations 36,, 36, ... 36,. The assigned pilot 50, will be received at each base station
with a respective delay, T, + T;, T; + Ta, T; + T;. Each base station 36,, 36, ... 36, will
send the delayed chip code sequence along with the calculated distance to a
processor 68 located in a NIU 34, or local exchange 32. The processor 68 will
calculate the time differences At,, At, ... At, by comparing the received assigned

pilot chip code sequences. Since all received assigned pilot chip code sequences are

delayed by 1,, the T, delay will cancel out of the resultant time differences At;, At,
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*-(g) -determ ning a distance between said base station arid said subscriber
unit based on the first received conponent of the second signal. 12. A
spread spectrum CDMA contuni cati on system capabl e of geographically

| ocating a subscriber unit, the system conprising: neans for determ ning
sai d subscriber unit's geographic |ocation based on a di stance

determ nation; and at | east one base station, each of said at |east one
base stations conprising: nmeans for transmitting a first spread spectrum
si gnal w t.hA,. fAccordingly,dhe subs¢riberunipd¢,aan bedqoated usingduypertialas 865 86yi ng a
second spread spectrum signal including second signal mnultipath conponents;
nmeans for - 0 A Ai1rst received conponent of said received second

si gnal rruflgﬁ{)eg)ti@%g%%%é% S; and means for determ ning a distance between
sai d base station and said subscriber unit as said distance determ nation
based on the fAmothergmbedithent shownin Figuresild, 12 andd33sisgsabasestdtionsd,
subscri ber unit conprising: neans for receiving said first spread spectrum

si gnal i ng).udinetfii.r i | tigath e

et or mi ni SRR ShoRia s, B | 86, "TRRBCIR A fenngl 68, R 1% yfthe 2
mul tipath conponents; and neans for transmtting a second spread spectrum
si gnal wi cénterlinec@hat pdnaym distatee, § lapart asshowagineRigureskl.d Bodt antgnpaeudo

random chi p code sequence being tinme synchronized with said received first

spread spggtr, i I : t fo! @gm r il Ral tgd €ast
one base g ‘at%nnrélkzgi%t%hg‘géﬁg@gas@ g@l éc:}g}%ﬁ %@thyobaf%%n ;@gt@yr%cgggog{ﬁgt“ed' Wit h
a different fixed |ocation; said subscriber unit receiving neans receives

f r om eachHofweyer,dheanteniza88, further aveaystiom thespshscriber init40, spceines dpect rum
signal including respective first signal nultipath conponents; said

R L A e L R O TR S I TR

mul ti path conponents; said subscriber unit transmtting neans transmits
three sechgflielyienga 88,. This delay results in a carrier phase difference, ¢, between the

signals received at each antenna as shown on Figure 13. A processor 66 using the
received carrier phase difference and the chip code sequence recovered by each
-assigned pilot chip code recovery means 96,, 96, ... 96, can determine the location
of the subscriber unit 40, as follows.

As shown in Figure 12, the subscriber unit 40, is located at distance d; at
angle « from the centerline 92 of the antennas 88,, 88,. As seen at the scale of
Figure 12 both received assigned pilot signals 90,, 90, appear to be coincident.
However, as shown in Figure 11, the received assigned pilot signals 90,, 90, are
slightly separated. The received assigned pilot signal 90, returning to the first

antenna 88, travels a distance d,. The received assigned pilot signal 90, returning
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spectrum signals, each associated with one of said three base stations,
each with a respective second pseudo random chi p code sequence, said
respecti ve second pseudo random chi p code sequence being tine synchronized
with said respective received first spread spectrumsignal fromsaid
respective one of said three base stations; and sai d geol ocati on
determ ni ng neans determ nes said ~~subscriber unit's geographic |ocation
based on said distance determ nation fxomeach of said three base stations
14. The stostheseoond antenna 88yivavels a slightlylonger distancode’. bhs shewnin Figure t wo
base stations, each base station associated with a different fixed

| ocal | 0N 13 SHOREIERREW LA tne'(G/ERN NG ARS i BGBLINAS, fyf oM each of said

two base S ons sald respective fir spritall 'spectrum si‘gnal incl udi ng
respective first signal multipath conponents; said subscriber unit first
conponent det eSiriogithg distameesdii 4y betweem thearpennasli8,f 88sand theesubsdriber

conponent for each respective received first signal multipath conponents;

sai d subsgcr. i L b ] e pgga

cpect rum Gyt &8 ot BIREE b MhelHiflicl 1 BADEST iR RRRE 88 BB ot .,
with a respective second pseudo random chip code sequence, said respective
second psregcivedaasdignedipipotcsignals O@ycPefallew @ppioxemately ipavailel quiths.t Bysai d

received first spread spectrumsignal fromsaid respective base station;

-28 sai ' J: dher, Y 1] i f r
deter m ni e aEfihe A5lett BiingIUUHg n [RANDA Shioh it SRkt ), G R38OGS |
second base station's first spread spectrumsignals received at said
subscri beuniti A0 as showngisoFigure tl,| the anglen<rancberdetenginasaby thefellowings sai d
subscri ber unit's geographic | ocation using said distance determ nations
and said %édiﬁe b RlineKip: and said first base station's first spread
spectrumsignal transmtted at said first base station is tinme synchroni zed
with said second base station's fié 11 s%ead spectrum signal_ transmtted at
§s(’é’

=1

sai d second base station. 15. “FR& of claim 12 wherei Kquation €9) | east
one base station is two base stations, each base station associated with a
different fixed |ocation; said first base station's first spread spectrum
signal transmtted at said fast

The distance m can be determined by using the carrier phase difference, ¢,

-~ between the two received signals 90,, 90, as follows:

m=22 Equation (10)
2n

The distance m equals the phase difference between the two signals, ¢, in radians

multiplied by the wavelength of the signal, A, divided by 2%. The wavelength, A,

can be derived from the known frequency f of the assigned pilot signal as follows:
A =c/T.

Equation (11)
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base station is tine synchronized with said second base station's first
spread spectrumsignal transmtted at said second base station; said
subscri ber unit receiving nmeans receives fromeach of said two base
stations said respective first spread spectrum signal including respective
first signal multipath conponents; -29 sai d subscriber unit first
conponent determ ning neans determ nes a respective first received
conponent for each of said respective received first signal nultipath
conponent s; salle PraeassonRy alse; conaparas the: echip gode seanences of thesglohel pdobnd
spread spectrum signals, each associated with one of said two base
stations, : WM r gsp i p r ghﬁp' ce,
each of s%ﬁ%%?gg%gg%?végékggﬁhﬂggeu 8a%gh 0 cdi gg e sggﬁg§%®§§§§Fﬁg tinme
synchroni zed with said received first spread spectrumsignal fromsaid
respect i vdetemainefthe distanogd, b skown in Fignre 6 ldsing bothstbe anglaraand distaneen
further conprising: neans for receiving said second spread spectrum sigha

which is ji ' b hdodi : Wala) rum
oi gnal <l B EREGERIGTbe7 Mbcdted e bkeitberinit 40 fushElrhblo pOMAR, THEES ()
base station's second signal nultipath conponents; neans fox determ ning a
first recutmanydeehuiques wel kanawa to theseskillad indhe ari teelimingte thesarbigwity
signal multipath conponents at said second base station; and said

geogr aphi b O b I L RRS i '%&;ﬁﬁ | {. S
geogr aphiﬁéet*\lg%ggdl’%@gitaﬁgvggng% I st gﬁggﬁgﬁdez? Esh’a?%bggﬁg?\’gay et e#urﬁ insed
time difference; and the system further conprising: -30 _ neans for

det er r' r singAMeRRafemployisseeorization enubseqyently.dhe sbseriberynis § lecationond
spread spectrum signal received at said first base station and at said
second b3sgest @ i printld d4(el4r. M T dard alblidnte dssachek076. TRRIdGINSAAM Of
claim 12 wherein: said base station further conprising: a first and second
antenna, each assocjated, with a di fufstgrent fi xeg | ocation and sai d second

spread sfRaNNas,MaRY, Re pseditq iproye @ndbs accuracy opHheSYSIFRy + st and second

ant ennas;
An alternate embodiment uses more than one base station 36,, 36, ... 36,. A

processor 68 located within either a NIU 34, or the local exchange 32 collects
'distance and angle information from more than one base station 36, 36, ... 36, as
well as the time differences At;, At, ... At , between the base stations 36,, 36,... 36,,.
Using the maximum likelihood estimation technique, the processor 68 determines
a more accurate location of the subscriber unit 40,.

A fourth embodiment corrects for multipath. Figure 14 illustrates multipath.
A signal such as a global pilot signal is transmitted from a base station 36;,. The
signal follows a multitude of paths 98,, 98, ... 98, between the base station 36, and

subscriber unit 40,.
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means for determ ning the phase difference between the respective second
spread spectrum signals received by said first and second antennas; and
means for calculating an angle associated with said base station and said
subscri ber unit based on said phase difference and the distance between the
first and second antennas fixed | ocations; and wherein said geographic

| ocati on determ ning neans determ nes said subscriber unit's geographic

| ocation based on said distance deternm nation and said cal-cul ated angl e.

17. The syst em Bigurealdnisa graphrshowingphe smpylseerasponser 136 ofl thei regebmidd
subscriber unit's geographic | ocation on a map. -31 18. The system of

laim 12 f . i anlavis : . o
eour apni PRI COMONENED, STREC Sac Ploctvef SMPALGIIPOI AR ¢ Ml ..
capabl e of determ ning a distance between a subscriber unit and a base
station, tpathdyatriiesabapedeivergyithe prepagation delayrdetermined by shelengtibef theen

said base station and said subscriber unit based on the first recei ved

conmponent t ondggi g y #iagn | DG r
Cranam 11 iFath 9 380098, 8Phe iffhise RAPORLCIO"SRRIP b @teclE IRl 1
code sequence;, neans for receiving a second spread sgectrun1§igna

i ncl udi ng magniudeofplbthemulitinash gompopents receivethat eash propagatiom delay.ni ng a
first received conponent of the received second signal multipath _ _
conponent s; Sa'még&wm%eyéﬁﬁccpgﬁwcﬁsbmmmefﬁoﬂ e sVisefimzd! el | 1 St
spread spectrum signal including first signal nultipath cOnponents; neans
for determping a first received conponent, of said received first signa

mul ti pat h sebwgwéﬁ%rgt, 44, gynclyonizgs with the tlmreaqfsﬁgm nwétlaathéaqmao@qmé&i
spectrum sighal with a second pseudo random chi p code sequence being tine
synchr oni g&reling disiahck 4.2 CHbWRYef, iif fife SUPEQTSLrIRBCEyndRtcHi S vith4Cnorline
subscriber unit for use in a COMA conmuni cation system capabl e

of sight multipath component 98,, 98, ... 98,, the distance calculation will be in error
due to the delay MD, as shown in Figure 15.

Figure 16 is a system correcting for errors resulting from multipath. The
global pilot 50, is sent from the base station 36, to subscriber unit 40,. The
subscriber unit 40, collects all of the multipath components using a multipath
receiver 102, such as disclosed in U.S. Patent Application No. 08/669,769, Lomp
et al., incorporated here by reference. A processor 82, within the subscriber unit 40,
analyzes the impulse response 100 of the received global pilot signal 50,.

Since the line of sight multipath component 98, travels the shortest distance
d,, the first received component 98, is the line of sight component. If the line of
sight component is not received, the first received component 98, will be the closest

and, accordingly, the best available estimate for the line of sight component. The
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conprising: neans for receiving a first spread spectrumsignal wth a first
pseudo random chi p code sequence, said first signal including first signal
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variations may be made in the structure and mode of operation without departing

from the scope of the invention as disclosed in the teachings herein.

* * *
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310%& ()-3, f @O%& ()-10<<10<<10<<({\iK-B # "10%& ()-
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& G 10%& () - FLO% (hethdlOrSgdogrhMibAN! 996y 2 dubkBibHSublt within a

"10% u& ()-G3
CDMA communication system having base stations with fixed locations, the method

comprising:

(a) transmitting a first spread spectrum signal with a first pseudo random
chip code sequence from a base station;

(b)  receiving of said first spread spectrum signal including first signal
multipath components at said subscriber unit;

(c) determining a first received component of the received first signal

multipath components;

(d) transmitting a second spread spectrum signal with a second pseudo
random chip code sequence from said subscriber unit, said second pseudo random
chip code sequence being time synchronized with said received first spread spectrum
signal;

(e) receiving said second spread spectrum signal including second signal
multipath components at said base station;

(f)  determining a first received component of the received second signal
multipath components;

(g) determining a distance between said base station and said subscriber

unit based on the first received component of said second signal; and
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o (- k12 %ﬂzﬁ‘i’ﬁ/ﬂ@ﬁb@o&%% §biein s G Sepefrmeniirictively
for each of three base stations, each base station associated with a different fixed

location, and step (h) determines said subscriber unit’s geographic location based on

said distance determinations for each of said three base stations.

3. The method of claim 1 further comprising the steps of:

performing steps (a)-(g) for both a first and a second base station, each base
station associated with a different fixed location;

time synchronizing said first base station’s first spread spectrum signal with
said second base station’s first spread spectrum signal; and

determining a time difference between said first base station’s and said second
base station’s first spread spectrum signals received at said subscriber unit; and
wherein step (h) determines said subscriber unit’s geographic location using

said distance determinations and said determined time difference.
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"10%& ()- |SI109& ()- 3 310% ()- | t109& ()-1 "109%& ()- 5p555?666dEHC
10°F 109 ()- FF% "109%& ()- Y' "109%& ()- y F109%& ()- Y 109%& ()- Y
"109& ()- 66774747 AThEmGethod 6f tINMR 1 Further comprising the steps of:

#y, 109&' ()-#*10%& ()- . 10%&' ()-3S, 109& ()-3) 10%& () - 4A77718687888988xnbC

10°110% & O - pdBorinkXtéps @y Eef for 88 a WD 2 St bae Wation, each base

station associated with a different fixed location;

receiving at said second base station said second spread spectrum signal
which is time synchronized with said first base station’s spread spectrum signal, said
first base station’s second signal received at said second base station including first
base station’s second signal multipath components;

determining a first received component of said received first base station’s
second signal multipath components at said second base station; and

determining a time difference between said first base s.tation’s second spread
spectrum signal received at said first base station and at said second base station; and

wherein step (h) determines said subscriber unit’s geographic location using

said distance determinations and said determined time difference.

5. The method of claim 1 wherein said base station has first and second
antennas each associated with a different fixed location and said second spread
spectrum signal is received separately by said first and second antennas, further
comprising the steps of:

determining the phase difference between the respective second spread

spectrum signals received by said first and second antennas; and
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C! C' CHC3Casdd [Csadid phdse¥difference and the distance between the first and second
antenna’s fixed locations; and

wherein step (h) determines said subscriber unit’s geographic location based

on said distance determination and said calculated angle.

6. The method of claim 1 wherein said first signal and said second signal
* are pilot signals.
7. The method of claim 1 wherein said base station’s fixed location is

associated with a latitude and a longitude and step (h) determines said subscriber

unit’s geographical location based on said latitude, said longitude, and said distance

determination.

8. The method of claim 1 further comprising the step of displaying said

subscriber unit’s geographic location on a map.

9. The method of claim 1 further comprising the step of displaying said

subscriber unit’s geographic location as an address.
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estimation.

11. A method for determining a distance between a subscriber unit and a
base station in a CDMA communication system, the method comprising:

(a) transmitting a first spread spectrum signal with a first pseudo random
chip code sequence from a base station;

(b) receiving of said first spread spectrum signal including first signal
multipath components at said subscriber unit;

(¢) determining a first received component of the received first signal
multipath components;

(d) transmitting a second spread spectrum signal with a second pseudo
random chip code sequence from said subscriber unit, said second pseudo random
chip code sequence being time synchronized with said received first spread spectrum
signal;

(e) receiving said second spread spectrum signal including second signal
multipath components at said base station;

(f)  determining a first received component of the received second signal

multipath components; and
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12, A spread spectrum CDMA communication system capable of

geographically locating a subscriber unit, the system comprising:

means for determining said subscriber unit’s geographic location based on a

distance determination; and

at least one base station, each of said at least one base stations comprising:

means for transmitting a first spread spectrum signal with a first

pseudo random chip code sequence;

means for receiving a second spread spectrum signal including second

signal multipath components;

means for determining a first received component of said received

second signal multipath components; and

means for determining a distance between said base station and said

subscriber unit as said distance determination based on the first received component

of said second signal; and

said subscriber unit comprising:

means for receiving said first spread spectrum signal including first

signal multipath components;
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signal multipath components; and
means for transmitting a second spread spectrum signal with a second

pseudo random chip code sequence, said second psendo random chip code sequence

being time synchronized with said received first spread spectrum signal.

13.  The system of claim 12 wherein:

said at least one base station is three base stations, each base station associated
with a different fixed location;

said subscriber unit receiving means receives from each of said three base
stations said respective first spread spectrum signal including respective first signal
multipath components;

said subscriber unit first component determining means determines a
respective first received component for each of said respective received first signal
multipath components;

said subscriber unit transmitting means transmits three second spread
spectrum signals, each associated with one of said three base stations, each with a
respective second pseudo random chip code sequence, said respective second pseudo
random chip code sequence being time synchronized with said respective received

first spread spectrum signal from said respective one of said three base stations; and
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14.  The system of claim 12 wherein:

said at least one base station is two base stations, each base station associated
with a different fixed location;

said subscriber unit receiving means receives from each of said two base
stations said respective first spread spectrum signal including respective first signal

multipath components;

said subscriber unit first component determining means determines a
respective first received component for each respective received first signal

multipath components;

said subscriber unit transmitting means transmits two second spread spectrum
signals, each associated with one of said two base stations, each with a respective
second pseudo random chip code sequence, said respective second pseudo random
chip code sequence being time synchronized. with said received first spread spectrum

signal from said respective base station;
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said geographic location determining means determines said subscriber unit’s

geographic location using said distance determinations and said time difference; and
said first base station’s first spread spectrum signal transmitted at said first
base station is time synchronized with said second base station’s first spread

spectrum signal transmitted at said second base station.

15.  The system of claim 12 wherein:

said at least one base station is two base stations, each base station associated
with a different fixed location;

said first base station’s first spread spectrum signal transmitted at said first
base station is time synchronized with said second base station’s first spread
spectrum signal transmitted at said second base station;

said subscriber unit receiving means receives from each of said two base
stations said respective first spread spectrum signal including respective first signal

multipath components;
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multipath components;
said subscriber unit transmitting means transmits two second spread spectrum
signals, each associated with one of said two base stations, each with a respective
second pseudo random chip code sequence, each of said respective second pseudo
random chip code sequences being time synchronized with said received first spread
spectrum signal from said respective one of said two base stations; and
said second base station further comprising:
means for receiving said second spread spectrum signal which is time
synchronized with said first base station’s spread spectrum signal, said received first
,base station’s second signal including first base station’s second signal multipath
components;
means for determining a first received component of said received first base
station’s second signal multipath components at said second base station; and
said geographic location determining means determines said subscriber unit’s

geographic location using said distance determinations and a determined time

difference; and

the system further comprising:
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base station as said determined time difference.

16.  The system of claim 12 wherein:

said base station further comprising:

a first and second antenna, each associated with a different fixed location and
said second spread spectrum signal is received separately by said first and second
antennas;

means for determining the phase difference between the respective second
spread spectrum signals received by said first and second antennas; and

means for calculating an angle associated with said base station and said
subscriber unit based on said phase difference and the distance between the first and
second antennas fixed locations; and

wherein said geographic location determining means determines said
subscriber unit’s geographic location based on said distance determination and said

calculated angle.

17.  The system of claim 12 further comprising means for displaying said

subscriber unit’s geographic location on a map.
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subscriber unit’s geographic location as a street address.

19. A CDMA communication system capable of determining a distance
between a subscriber unit and a base station, the system comprising:
means for determining a distance between said base station and said
subscriber unit based on the first received component of the second signal;
said base station comprising:
means for transmitting a first spread spectrum signal with a first

pseudo random chip code sequence;

means for receiving a second spread spectrum signal including second

signal multipath components; and

means for determining a first received component of the received
second signal multipath components;
said subscriber unit comprising:

means for receiving said first spread spectrum signal including first

signal multipath components;

means for determining a first received component of said received first

signal multipath components; and
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pseudo random chip code sequence being time synchronized with said received first

spread spectrum signal.

20. A subscriber unit for use in a CDMA communication system capable
of geographically locating said subscriber unit, said subscriber unit comprising:

means for receiving a first spread spectrum signal with a first pseudo random
chip code sequence, said first signal including first signal multipath components;

means for determining a first received component of said received first signal
multipath components;

means for determining a delay associated with said first received component;
and

means for transmitting a second spread spectrum signal with a second pseudo
random chip code sequence and a signal including said determined delay, said
second pseudo random chip code sequence being time synchronized with said

received first spread spectrum signal.
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